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(71) We, ALTON OCHSMER 
MEDICAL FOUNDATION, a nonrprofit 
making CoipotatioQ ottganized under the laws 
of Louisiana, United States of America, of 
5 1514 Jefferson Highway, New QdeBus, 
Lodfoana 70121, United States of America, 
do herd^ declare the inventioii, for which 
we pray that a jpetent may be granted to u% 
and the methoci by which it is to be per- 
10 fonned, to be pardculaziy described in and 
by the following stntrnvnit: — 

The piesent mrendon rdates to apparatus 
for the dosuie of sq>tal defects or umnts ixt 
the intravascular system or the great vessels 
15 by means ci a positive medianical stnictoie 
applied by means of an outer catheter and 
other associated operative elements woxfcing 
within said outer catheter. 
In order to gain a better understanding of 
20 die present invention and its particular 
application^ it is noted tiiat the heait is 
divided into four compartments or chambers, 
the two upper beijQg the left and right atria 
and the two lower being the i#t and right 
25 ventrides. The atria axe sqrarated from each 
o&er by a muscular wall, die interatrial 
septmn, and the ventrides by the inter- 
ventricular septum. 
Eidier congenitally or by acquisitioi^ 
30 abnormal openings, hdes or shunts can occur 
between the chambers of the heart or the great 
vessels ^ter^^ jnd^imovettticular^s^rtal- 
~de{ects~or patenf ductus arteriosus and aortico- 
pulmonaiy w in d ow r esoeeriyeiyV sll(3^7isg the 
35 movemmt of blood ^diroog^ the opening. 
The def onmity is usually congenital, result- 
ing from a failure of comiteion of the forma- 
tion of the septum» or wall, between the two 
sides during letal life when lite heart forms 
40 from a folded tube into a four-cfaambaed, 
two unit system. 

These deformities can carry significant 
sequelae. For example^ with an atxal septal . 
defect blood is shunted from the left aoim 
45 of the heart to the rights producing an over^ 
load of the right side oi the heart In addi- 
tion to lefc-^ri^t shunts such as occur in 
patent ductus arteriosus from tiie aorta to the 
pdmonary arteryj the left side of the heart 



has to wozfc harder because some of the blood 
which it pumps will redmiiate through the 
lungs instead of going out to the rest of the 
body. The ill effects of these lesions usually 
cause added strain on the heart with tiltimate 
heart failure if not corrected. 

Heretofore these intracardiac or extra-: 
cardiac septal defects have requ'red rdativdy 
cztcnstve surgical techniques for correction. 
In 1938 surgeons first seriously enccred the 
field of attacking congenital heart disease 
when Gross reported the first ligation of a 
patent ductus arteriosus. Since diat time rapid 
advances have allowed ttunadc surgeons to 
dose not only extracardiac congenitd shunts 
but also shunts between die chambers of the 
heart The modem era of extracorporeal 
drculatx(n> b^gan in 1S^3 wrben Gibbon first 
dosed an atrulseptai defect, using tbc heart- 
Img machine. To date the present method of 
dosing intracardiac shunts^ sudi as atrialsepcal 
d efect s and ventricular-septal defects, entails 
the rdativdy drastic tedmique of opcurheart 
surgery, requiriz^ .-opening die diest or 
Btermmi and divertizig the blood from the 
heart with the use of a cardi<^ulmocary by- 
pass. The heart is then opened, the defect is 
sewn shut by direct suturing with or without 
a patch of synthetic material (usually of 
Dacro^ (a Registered Trade Mark), Teflon 
(a Registered Trade MaikX silk, nyloa or^ 
pericardium), -and -the^heart 'dos^ The 
patient is then taken off the cardiopulmoxiary 
b}r|2o55 iuacmiic^ and the chest ck»ed. 

In place of direct suturing^ it has been 
suggested that dosures of intoauricular septal 
defects could be made by means of a dowle 
"button" |»osthesis, but open heart surgery 
was still required. See for example " Closure 
of Interauricular Septal Defects^* by Charles 
A. Huhoagd et al. The Bulletin Georg et o w n 
Untvexsity Medical Center, VoL IV, Na 5, 
Pp. 137—139, Fd>.-Maro 1951; which also 
cued Swan H.: "Eroerimental Closure of 
Interauricdar Septal Defects-"— Symposium 
of Cardiovascular Researdi> National Institute 
of Health, Jan. 2h 1950, Wasbingtoi]^ D.C 
Additional work with such a button-type pros- 
thesis in open heart surgery was also 
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apparently done by C P. Bailey, MJ>. (see 
Bailey et al: "ContctioD of Interventricular 
Septal Defects," Am. Surgery, 136, 919, 
1952; and Bailey: "Surgery of the Heart," 
5 Lea and Febiger, Philadelphia, Pp. 366, 1955) 
and by Yousif D. Al-Naamaxi, aLd^ Dqiart- 
ment of Thoradc and Cardiovascular Smgery, 
Univer^ty of Baghdad, Iraq. 
Thus, prior to the present invendoo, it ms 
10 only posoble to repair septal defects or shunts 
through Qpei>4ieart surgery, involving shunt- 
ing the blood through an ardficia] puoip- 
oxygenatoT (heart4ung machine) or at least 
supplanting the acdon of tbz heart itsdf 
15 (mechanical hem) while die heart is being 
r^aired. Moreover;^ aldiou£^ euellem rcsulQ 
have been obtain^ om simple septal defects 
by open-heart suiigery, diere is great risk in 
open-heart surgery in patients whose heart 
20 musdes have been under great strain for long 
periods of time. 

In contrast to the relativdy dnsdc tech- 
nique of open-heart surgery, the apparatus 
of the present invendon is util^^ to dose 
25 off septal defects or shunts wzthour the need 
of general anaesthesia or opening of die chest 
Instead die operadve techniques employed 
require only a small indsian over a vein in 
the groin or neck under only local a m'pjgt^ryi aj 
30 such as is carried out for many routine cardiac 
catheterizations. 

Moreover, the cadieter/dosure apparatus 
of preferred entibodiments of the present 
invendaa allows a cardiologist tx> dose a sqrtal 
35 defect at the time of diagnostic cardiac 
catheterization, if desired. Because of the 
posed size of the outer catheter used in the 
present invention, this would be most reasoo- 
ably carried out after the age of 4 to 5 years. 
40 Aocording to the present izivendon diere is 
provided a septal d^ect dosure apparatus for 
dosing off a defect in the septum of, for 
example^ the intravascular system, the appara- 
tus indudins expansion means comprismg at 
45 least one umbrella-like expansion structure 
havix^ a main body eaq)ansible between a 
dosea position in which the body is^ b use, 
__^Mpable_of _paasmg-d!rDU|h-the defect-^ 

rxpapcjfd position in which the body is sdb- 
50 stantiflily sc as, ia U5% u> be capable 

of extending at least generally paralid to the 
septum for contacting the sq)tum surface 
around the defect to thereby dose the defect, 
central structure means ccotrally located 
55 within said xtiain body and extending in a 
direction at least genorally perpendicular to 
the body when the body in the expanded posi- 
tion said eamansion structure having an 
umbrella-like name structure fcs* expending 
60 the body between its dosed and expanded 
positioi^ the umbrella-like structure having a 
series of relativdy hard strut-like men^^ 
radially gmaTwring from said central struc- 
ture means, said strut-like members being 
65 resOiendy biased to an open position so that 



Said main body is resiliendy biased tawBxds 
its ca^anded position, the apparatus also 
indudmg operative meais removably coi>> 
nectable to said central structure mpigna for 
applying^ in use^ pressure along the extended 70 
direction of the central structure ft r^r^ for 
fording the distal, end porticms of die main 
body oi said expansion stiuctuxt against the 
sq^mn to dose the defect 

PreferaUy, said operatnre means indudes 75 
an obturator wire having attaching means at 
its distal end for temporary connectian to 
said umbteUa-like structure said umbrdla.- 
like structure having a central hub having a 
connection means for temporazy connection 80 
to said obturator wire. 

The expansion means may comprise a dual 
sec of said umfarella-like en)ansion structures 
for placement on opposite sides of the defect^ 
and wherein said c^iezative means indudes 85 
an obturator wire having atcacfaing means at 
its distal end for temporaiy connectionr to a 
first one of the un&rdla-like structures^ said 
first one of the umbitUa-like structures hav- 
ing on its central structure an obturator oonr 90 
nector hub means for temporary coimectioa 
to said obturator wire; said seamd umhrdla* 
i3ce structure having a central sleeve wduch 
can slide over said obturator wire, said central 
hub and said central sleeve having loddng 95 
means for, in use^ locking them together 
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through the defiea in opposing fashioa when 
on oppodte sides of the oef ect 

In this case;, the loddng means may com- 
prise a male-female connectioa between said 
central hub and said central sleeve, the 
exterior of said connectioa means of said 
central hub forming die male member and the 
interior of said sleeee fonnii^ at least in part 
the female orifice," 

It is noted that the terns "cattnter" as 
used herein refers to an instrument^ generally 
tubular in shape;, which is inserted into a body 
cavity, naturally or surgically opened. Several 
different catheters have been developed in die 
past, either for experimental reswcb pur- 
poses duucal ^apfdication. Jlhe- Mobm^ 
Uddin t^theter is one diat is used for partial 
ocdusicHi of die inferior yma Gtva to prr* cnt 
pulmonary embdization. This catheter has 
been described in a publication by Dxs, Kazi 
Md>in-Uddin and James R. Jude in an artide 
cntided ''A New Catheter Technique of 
Interruption of the Infoior Vena Cava for 
Prevention of Pulmonary Embolism The 
American Surgeon, Vdume 35, page 889, 
December 1969. See also U.S. Patent Na 
3,540,431 to Dr. Kazi Mobin-Uddia issued 
November 17> 1970. A similar catheter tech- 
nique;, but using a balloon obstructioa instead 
of an umbreila-type obstructun^ is disclosed 
in the artide " Experimental Balloon Obstruc- 
tion of the Inferior Vena Cava " by Hunter ct 
d, Anoals of Surgery, Vd. 171, Na 3, Pp. 
315—320, February 1970. 
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AdditiaiaUy, m cxperimaital woik pcr^ Vck, XUV, page I— HI, May 1971. See also 10 

formed by one of Ac co-invcntDrs himself, a the article by Dr. Harold King et al cntided 

cardiac catheter with an inflatable disc balloon ** Ezperimental Surgical Repair of Ventricular 

for interim dosurc of lcft-ti>-right shunts Swtal Defects Surgery, Vol. 34, PP. 1100— 
5 through the ventricular sepaaa was usel 1116, December, 1953. 

This catheter has been described m a publica- Diverse examples of other expansible and/ 15 

tion by Dr. Noel L. Mills ec al is an ardde or umbrclla-like Mwrtimtft generally used in 

entitled "Balloon Qosure of Ventricular odier types of surgical applications are found 

Septal Defect;," Supplement 1 to Circulation^ in the following U.S. Patents: 



Patent No. Iaventoc(s) Title Issue Dace 



20 


2,493^26 




of TntractnMe Nasal 
Hemonfaagcs ** 


30/1/50 




2,799,273 


V. J. Oddo 


" Haemostatic Catheter " 


16/7/57 


25 


3,334,629 


B« D. Cohn 


"Occlusive Device For 
Inferior Vena Cava " 


8/8/67 




3,397,699 


G. CKoM 


"Retahung Cadieter 
Having Resiliendy 
Biased Wtng Flanges " 


20/S/68 


30 


3,592,184 


David H. Waddns 
Etwin J. Klink 


"Heart Assist IVfediod 
And Catheter" 


13/7/71 


35 


3,671,979 


Sp^ridoQ 


**Cathefier Mounted Arti- 
ficial Heart Valve for 
ImpTanTfng In Close 
Proximity To A De- 
fective Natural Heart 
Valve- 


27/6/72 



However, as should be fully appiedaied Figures 2B and 2C are sid^ cross-sectional 
wad understood from die detailed desooptiai and cod views;, respectivdy, of the inner, 
of the preferred embodiments below, all of central hub of die left atrial umbidla-like 70 
40 these diverse prior art catheters and imibrdlap closure dement of Figi|re 2A. 

Ukt element^ neither coUecctvdy nor indi- Figure 3A is a side.vtev of a ri ght atrial 
vitkally, anddpate die prBcat inveittion. umhrella-Jike closure dement in its collapsed 
For a further understanding of the nature position with the inner, central sliding sleeve 
and objects of die present inventioi^ re- shown partially in phantom lines; while 75 
45 ference should be had to the following Figures 3B and 3C are side, cross-secdonal 
detailed descriptiQa^ taken in coafunction with and end views, respectivdy, of die inner, 
the accompanymg drawings^ in whidi like central sliding sleeve of the ri^t atrial 

parts at e given l ike refer ence a umerak and umhrdla-like dosure dement of^Figure 3A 

Figure 4 is a side view of a typical strut 80 
dement used in left atrial Bnd right atrial 
umbvdia-like closure dements. *^ 

Figure 5 is a perspective view of three 
catheter operative dements^ concentrically 
assembled together. g5 

Figure 6 is a side^ perspective view, par- 
tially cut away, of the catheter o p ei' ative de- 
ments with the left atrial umbielia-1^ dosure 
dement attached to die central catheter de- 
ment with the struts diereof partially opened, 90 
portions of the umbrdla-like dement^ parti- 
cularly the covering material, not being illus- 
trated for simplici^ purposes; while 

Figure 7 is similar to Figure 6 with the 
exo^don of showing the right atrial lunbrdla- 95 
like dosure dement being affiaced to the 
central cntheter operative dement and show- 
ing an additional operative ^iMTM^qr^ a oox^ 



50 ^^€^ A schematic iUu^ntdon of the 
hear^ partially cut away, showiiig a dosure 
apparatus which does not form part of the 
present invendon ciosing off an atrial septal 
defect with two of the catheter operative de- 

55 ments of a catfaeter/dosure q^stem being with- 
drawn; idiile 

Figure IB is similar in perspective to 
Figure lA showmg a typical atrid sntal 
defect (ASD). 

60 Figure IC is a perspective view of left 
atrial and right atnal umbrdla-like dosure 
elements used for an ASD in their open or 
erected positions. 
Figure 2A is a side view of a left atrial 

55 umbrella-like closure element in its collapsed 
position with the inner, central sliding sleeve 
shown partially in phantom lines; while 
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trd disC) posidoDcd ost the pEnodmal end of 
the cential catheter operBtive ekment 

Figiae 8 is a side view of a cone operative 
element used to imtialiy dose the umfardla- 
5 like dements prior to their insertion into the 
outer catheter operative ^iw"w^t_ 

Figures 9A througji 9R axe dde^ schematic 
views of the inner heart structure illustratiiig 
the sequential stqis of the known apparatus 
10 as being applied to the closing of an atrial 
septal defect (ASD); while 

Figures lOA and lOB axe respectlvdy, 
views of the right and left atrial umbrella- 
like dosurc dements after being applied and 
15 locked together to dose off the atnal septal 
defocL 

Figuie 11 is a side, cros»-sectiaaal view of 
the ceoctral hub and sleeve atructurts of the 
left atrid and right atrial umbrdla-like 
20 dosure dements located togedier in a male- 
female relationship. 

Figure 12 is a &ide;» prespective view of a 
structure in accoxdanae with the present 
inventioiL 

25 Figure 13A is a schemadc illustration of 
the heart, partially cut away, showing a dosure 
apparatus dosmg off a ventricular septd 
d^ect with an altenmte meduxi utilizing a 
single umbrdla-like demeitt being used; while 

30 Figure 13B is similar in perspective to 
Figure 13A showing a typiad ventricular 
septal defect (VSD). 

Figure 13C is a p asp e ctive view pt a 
single umbrdla^ikc closure element used for 

35 a VSD in its open or erected position; while 
Figure 13D is a side view of the spedal 
obturator wire used in the alternative single 
umbrella technicjue. 
Figure 14A is a schematic iUustradon of 

40 the hear^ partially cut away, showing dosure 
apparatus which does not form part of the 
dauned invention dosing off a patait ductus 
arteriosus (PDA) iising a modified right atrial 
or second umbrella-like dosure dement with 

45 the final catheter operative element of the 

catheter/dosure-apparatus -ready-to-be with — 

drawn; Mrtiilc^- 

Figure 14B is slmuttf iij per^jecuvc to 
Figure 14A showing a typical patent ductus 

50 arteriosus (PDA). 

Figure 14C is a pcfspoUive view of the 
modmed left atrial and right atrial or first 
and second umbrella-like dosure dements 
used for a PDA in their open or erected posi- 

55 u'otts. 

Figure ISA is a side view of a further 
right atrial uml»ella-like dement which does 
not form part of the dauned invention shown 
mounted on the obturator wire prior to its 
60 being apj^ed to the shxmt; while 

Figure 15B is a side view of the dement of 
Figure ISA as it is bang applied to the shunt 
and being pushed to its loddng position with 
the left umhrdla-like element; mtdic 



Figure 15C is a dose-up, side view of the 
central portions of the umbrdla-like dosure 
dements in dieir finals locked podtiom 

Figures 16A and 1(SB are frontal views of 
the under-side and topside respect[vdy> of a 
furdier embodiment of the left atrial umbrella- 70 
like dosure dement of the presen t luveml ogr 
in Its open position for dosing an ASD; while 

Figures 17A and 17B are finmtal views of 
the underside and topside^ respectlvdy, of 
another embodiment of the ri^t atrial 75 
umbrella-like dosure dement in its open peti- 
tion used with die left anial umbxdiarlike 
dosure dement of Figures 16A and 16B. 

Figmt IS is a side view of the proximal 
ends of the catheter operative rlmrns% tised 80 
widi the dosure dements of F^gines 16 and 
17; and 

Figure 19 is a side view of the distal ends 
of the catheter operadve dements of Figinre 
18 without die umbrella-likB dosure dements 85 
attached; while 

Figure 20 is a side view again of their 
distal ends as in Figure 19 but with the left 
and right atrial uminclla-like closure eiemoits 
attachoi and in dieir open positions located 90 
as they would be on opposite sides of the 
septum (not iUustrate^ and prior to being 
pushed and locked togedier. 

The eicpansion means of the present mven* 
tion must be expansible, fulfilling the special 95 
requirement of having a firsts smaller physicd 
fom while it is bdng inserted through a 
blood vessd and quite a diSeren^ second, 
larger form when placed in its find location 
dosing and covering the septal defect or lOO 
shunt Additionally it must meet the severd 
stringent medsanicd resjulLtuients placed 
upon i^ must rdial^y open at the desired time 
and plaoej and must effect a suitalde tight 
dosure of the defect or shunt in the hrart 105 
mtem for a Ions period of time without any 
deterioration and without producing any un^ 
wanted dde^ects other on tissue or blood. 
Many mechanical systems are concdvabie to 
meet these requirnnents and preferred 110 

"€mboidimcnts~of "tiie present invention^ which 

will now for pur poses of niustrBticHi End dis- 
closure only be described in detail 

A known type of expansion means as illus- 
trated in Figures IC; 2 and 3 comprises a 115 
pair of opposedt umbrella-Iike dements 8;, 9j 
the firs^ lext atcial^ dement 8 having a central, 
tapered hub 84 smd the serond, right aoid 
dement 9 having a central, diding sleeve 94. 

The two umbrella-like dosure dements 8, 120 
9 have for example six materid siq)portix^ 
struts 81, 91, respectlvdy, eadi (note Figure 
4) strut 81, 91 havixig for example a length 
of 5.35 rnm^ with a sixty degree angle 
between the struts 81, 91 of each element 8, 125 
9. Ihe struts 81, 91 are made of a radio- 
opaque materid (not necessarily metallic), for 
example stainless sted, which have at the 
distd ends thereof small projections or barbs 
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83> 93, respecdvelyx of for example 0^ 
lengd^ vM± allonr ancboxii^ of tiie closure 
dements ^ 9 into the septum. Three holes 
ate provided along the length of the struts 
5 81, 91— hinge holes 86', 96'; tie eyes 87a, 
97a for raising or lowering the struts 81, 91 
by means of devatiz^ ties or lines 7; and 
suture eyes 87b^ 97b for attadiing the 
umbidla material 82, to the struts 81, 9L 

10 The tie hdes 87b, 97a are of sufficient size Co 
allow the ties 7 to slide easily through them. 

The struts 81, 91 are attadied to tiie 
innfardla-like dosure dements 8; 9 thropgh 
a central hub 84 and a slidii^ sleeve 94^ re- 

15 specdvdy, tnade of for example staniless stcd. 
The surfaces of the hub 84 and the sleeve 94 
are grooved (note Figures 2C and 3C) in such 
a manner to allow Che struts 81, 91, respect 
ttvdy, to lie soperfidaily in their surfaces 

20 without adxiing to the exterior bulk of the 
umbreila-like structures. The struts 81, SI 
are movably attadied to the hub 84 and sleeve 
94 by hk^ rmg dements 86, 96^ respec- 
tivdy, and there are included xin^likB strut 

25 keepers 87, 97, respectivdy, to prevent the 
struts 81, 91 ficoan opening respectivdy, 
beyond nmety d^rees. Each umbrdla-like 
doneot 9 is of small enot^ size m allow 
it to be placed witbm the outer, thin wall 

30 catheter 1 within which it is tran^xsrtBd dur- 
ing appHcatlonb as described more fuUy 
bdow. 

Thin Dacnm (R^mstered Trade Mark), 
Teflon (Redstered Trade Mark), nyloi^ 

35 Silasdc (a Registered Trade Mark), peri- 
cardium or sili^ for example^ routindy used 
to dose intercardiac defects in open-heart 
surgery, can be used for die umbreUa sheet 
matenal 82, 92, although Dacroo and silk 

40 are considered preferable; The material 82, 
92 should be j^iable and of suffiddk strength 
and resiliency to open and dose smoothly. 
The material 82, 92 is anchored cezxtitdly on 
the hub 84 and tiie sliding sleeve 94> re- 

45 spectivdy between the main body thereof and 
the stmt keepers of 87, 97, respectivdy. 
Sutures~87b'i~97b'-can"be passed -through- 
suture ^es 87b, 97b to secure the umteSa 
material 82, 92, reroeccivdy, disolly vpm 

50 the stnitB 81, 91. AdditiooaUy, supplonental 
sutures 87a'a 97a' can be used if desired to 
further secure the material 8% to the de hdes 
87a, 97a, 

The sliding sleeve 94 and the distal bdb 
55 84 are designed to lode securdy tx^ietfaer in 
oppose^ fadng idationshur by means of an 
internal, central, male-female mechanism (note 
particulariy Figure 11). A typical structure 
for achieving this is iilt»trated particulady 
60 in Figure 11 wids suj^kmental reference to 
Hgures 2B and 3B. Ilie hub 84 indudes a 
male member 84' imjecting hxwardly and 
having a loddng plateau 85 on its outer sux^ 
face. This mates with the female cavity 
65 formed within ±e inner portion 94' of the 



sleeve 94. The female cavity also indudes a 
locking groove 95 for mating with the plateau 
85. 

The total external diameter of the hub 84 
is for exam^ 33 mm., and it has been 70 
engineered with grooves 89 so that die struts 
81 may be recessed within die surface. The 
hvh 84 is tapered slig^dy to a rounded, 
bullet-shape configuration at one end to a 
diameter of for example approxtmatdy 75 
0.075 nun. The odier end of the hub 84 is 
rdativdy blunt and has a central threaded 
orifice 80 for mating with the threaded end 
31 of the obturator wire 3, described more 
fidly bdow. The hub 84 can be for example go 
3 mm. in len^. 

Although it has not been found to be 
necessary, the central slidhig sleeve 94 of 
the rifi^ umbrella 9 could have a flared or 
canical distal end in order to center it auto- 85 
matically with respect to the hub projection 
84' as a prdude to sliding up over it and 
along it to die locked ^sidon. The bore 90 
of me right deeve 94 is considerably larger 
than dse diamrtrr of the obturator guide wire 90 
3, described bdow, to allow for ficee move- 
ment thereon* 

The operative elements of the dosure 
cadieter apparatus for msertmg dosure de- 
ments cmnprise several parts: an outer 95 
catheter 1; an inner, locking catheter 2; an 
obturator guide wire 3; a loading cone 4; a 
manipulating handle 5; and a tie retmcthig 
and contrd disc 6 widi a series of elevating 
ties 7, Note particulariy Figures 5, 7, 8 and lOQ 

The outer, thin wall cadieter 1, for example 
a No. 24 French siz^ is of sufficient length 
(for exam^e 80—105. cm.) to allow its mani- 
pulation uto the heart area. The outer 105 
c a t h et e r 1 can be made from diin wall, woven 
Dacron or preferably polyvinyl material and 
has a gende curve at the cardiac end to allow 
easy manipulation dirough a septal defect in 
the cardiac area. no 

As shown m Figure 5, inside tlxe outer, 

thin~wall~ catheter-l -is -a-seoorut- radio- 

opaqu ^ inner adieter 2 which codd be for 
example a Na 5 Frendi size catheicr of pwy • 
vixqrl materid. It should be of sufficient i]5 
length (for exaniple 90 — 110 cm.) to prDtrude 
from die proximd end of the outer catheter 
1 and has a rounded, cone^bape distal hub 
21 (note Figure 9C). The inner catheter 2 
diould be of a size to be quite mobile 120 
through the outer catheter 1. 

Passing dirough the inner catheter 2 is an 
obturator guide wire 3 which can be for 
examine LI mm, or less in diameter and have 
a length of for example 200—350 cm. A re- J25 
movable, proximal handle 5 (note Figure 9J) 
is used for rotational mampularion of the 
diturator wire 3. The arm 5 is locked to the 
obmratOT wire 3 and is easily removable 
therefrom by means of a locking set screw 130 
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51 going through a ocntral hub element S3, general structure to the right umbrella 9 
For gripping purposes m extennan arm 52 except that in place of the tie wire ^tem 
is mtmded. thexe is included a set of elevating struts 291' 

The cardiac or distal end 31 of the hingedly attached between the regular 
5 (^Hurator wire 3 is threaded for approxi- umbrdla struts 291 and an elevating sleeve 70 
mately 1 nun. so that it may be screwed and 294'. As shown in Figure ISB, as the eierat- 
unscrewed into the hub 84 of the left dosing ing sleeve 294' comes into contact with the 
umbrella 8. The obturator wire 3 should be hub 84, the umbrella becomes erected under 
of sufficient fiexibiligr to allow easy mam- the continuing pressure of the imier catheter 

10 pulatian and can be for example made of a 2 until it is locked into place as shown in 75 
fixed core stainless steel spring matcriaL Figure 15C 

As shown in Figure 7, a control disc 6 is For purposes of illustratiQa aitd disclosure 
provided for ease in manipulating and con- pinposes only, the method of application of 
trolling the ties or lines 7. The disc can be dosure apparatus wifl now be described in 

15 made of stainless sted and is plaoed on the detail widi respect to the dosing of an atrial 80 
exterior, proximal portion of. the .cbrunitor septsl defect (ASD) with particular reference 
wire when needed. A series of hole pairs 61 to Figures lA— C and 9A — K. 
are provided about the periphery of the disc lo order to gain access to the heart, an 
for holding the ties 7. Although not illus- indsitn is made in dther the rig^t or left 

20 tratedj the holes 61 could be numbered or groin under bcal anaesthesia^ and the femoral 85 
coded to the particular struts invdved and an vein isdated. Standard catherizatioa tech- 

additional pair of hdes can be provided for niques are then utilized to omfirm the pre- 

retracting ties 7'. The ties 7, 7' can be made sence of the ASD such as the one shown in 

of for example monofilament nylon or 3 — 0. Figure IB. Once confinned, sizing of the 

25 silk. ASD is then adiieved by means of spedal 90 

The final operative dement is the loading but standard balloon cathtters^ and the appro- 

cone 4^ iUitstrated in Figure 8. Tlie loadix^ priate size of umhrdla-like dosure cilcments 
cone 4 is jHovided to assist in the easy load- 9 are sdected. 

ing or insertion of the umbrdLa-Uke dements The initial dosing/catheter assembly (note 

30 8, 9 into the outer catheter 1. For czam{^ Figure S% ix, dements 1^ 2 and 3, the latter 95 

as shown in Figure 8} the Idt umbrdia 8| having &c left umteUa 8 attached to its 

threaded onto the distal end 31 of the thruided end 31, is dien inserted via the 

obturator wire 3 and in its open or partially femoral vein into die heart imder continuoas 

opened position^ is first inserted through die fluoroscopic control into tiie rig^t atrium. 

35 loading cone 4 which leads into the outer Widi furtiier advancing of the catheter 100 

catheter 1. The cone 4 serves to dose the assembly^ it is placed in ths left atrium (note 

umbrellas 8, 9 making them of a small Fime9A). 

enou|^ size for insertion into the outer By mai^^atiog the obturamr wire 3, the 

catheter 1. distal hub 84 carrying the cdlapsed left 

40 The distance across the total dosure stnic^ umbrdia 8 is advanced beyond the outer, 105 .. 

ture from hub tip to sleeve tip (note Figure thin wall catheter 1 into die! left atrium 

9K) once locked in place is only approri- (Figure 9B). Qnoe the left umbrdia 8 is 

matdy 3.5 mm^ dements can be produced pu^ied beyond die dp of the outer^ thin wall 

in riiflmMw sizes of for examt^ 10 mm.> cathder 1, the umbrdia 8 is initially tmfnlHprf 

45 15 mm., 20 mm., 25 mm., 30 mnu and by pushii^ the ixmer catheter 2 against the 110 

35 mm. as desired or n eed ed. struts 81 and hdding fast the obnoator wire 

In the present invention~rather~than-dudr~3-(Figuic 9e), c«pandbg the^u^ 

opposed lanlxrdlas, a single mnbrella could excess of die diameter of the outer cadiecer 1. 
be used as described more tuily bdow with Xtien by puiltng geniiy on the obturator 

50 respect to the repair of a ventricular septal wire 3, the umbrella 8 is pulled agamst die 1 15 

defect. distal end 11 of the outer catheter h opening 

Additionally the present invention pro> the umbrdia 8 to its full tdnexy degree posi- 

vides alternative means of expanding or open- tion (Figioe 9D). The outer catheter 1 is then 

ing the umbrella. In one embodiment of the pulled back into the ri|^ atria and the 

55 present invention, as genially illustrated in umbrella 8 pulled snugly against the left atrial 120 

Figure 12, die struts 91" are made of rcsi- wall of die septum, widi die barbs 83 being 

lient; flexible material so that the tmbrdla anchored against the septum (Figure 9B). 
will inherendy or automatically c^>en cHice it Once the left mnbreua 8 is findy fiiaed, 

emerges from the outer catiuter (note die . the inner catheter 2 is withdrawn and removed 

60 movancnt of the phantom lined stmt). and the ri^t umbrdia 9 slid onto the 125 

An additiond type of the right atrial obturator wire 3 and loaded into the outer 

umbrdia which does not form pan of the catheter I with the devating ties 7 and r&- 

daimed invention is shown m Figures 15A*— tracting ties 7' in place on die stmts 91 and 

C in which the necessity of a tie wire system sleeve 94, respecdvdy, and the disc 6 (note 

55 is diminatfd. The umbrella 209 is similar in Figure 7). The cdkpsed rig^t umbrtUa 9 130 
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is then pushed through and out of Che outer 
cadieter 1 by means of the inner catheter 2 
into the ri^t atdum and positumed fust 
superior to die inferior vena cava and right 
atrial junction (Fi^^ 9F). At this point the 
outer cadieter 1 is withdrawn to allow the 
right umbrella 9 to lie &edy upon the 
obturator guide wire 3 wi^ die body of 
the right atrium. 

As the inner catheter 2 is advanced and 
traction maintained on tibe devatii^ ties 7 
and on the r e tra c tin g ties 7*, the right 
umlKeDa 9 is cto^ (Figure 96) and pushed 
snu£^y a^ittst the inter-aj^ septum by means 
of the inner cadieter 2. By fluoroscopic 
monitoring, it can be decetxnined diat all sir 
struts 91 are at rig^ angles. The inner 
catheter 2 is pushed further foETward, fbrdng 
the sliding sleeve 94 of the rig^ umbiellay 
to slide onto the left umbrella hub 84> lock- 
ing the two together (Figure 9H). A diddng 
sensation is fdt throu^ the obturator wire 3, 
and a dick can be heard as Ihs timbrdlas 8, 
9 are lodced into place. Once m i^ace die 
umbrdlas 8^ 9 are tugged gendy widi die 
obturator guide wire 3 to assure stability. 

Once the umbrellas 8, 9 are locioed in 
place, tlie obturator wire 3 can be unscrewed 
from the distal hub 84, using the hamUe 5 
on the proximal portion of the obturator wire 
3, thus leaving m place the distal hub 84 
widi die ri^t and left umbrdlas 8, 9 locked 
in place (Figure 9J). The obturator guide wire 
is thus imdneaded wi± the aid of the handle 
5 from the left umbrella hub 84 and removed 
from the heart widi the outer and imier 
cadieters 1, 2 (Figure 9K). Followii^ diis, the 
outer, thm wall catheter 1, the hmer cadieter 
2 and the obturator wire 3 are con^etdy 
withdrawn from the body. 

Following installation of the dosure struc- 
ture, a diagnostic venous catheter can be 
introduced for the appropriate angiograms^ 
dye curves and hydrogen dectrode studies to 
confinn the effectiveness of the closure of the 
septal"~defecL~The "dosure~stfuctures" 8,~ 



the VSD sudi as the one shown in Figure 
13B. Once confirmed, sizing erf the VSD Is 
then achieved by means of special but 
standard balloon catheters, and the appro- 
priate size of the im&rella-like dosure de^ 
ment 8' is sdected. 

The outer catheter is inserted into the vein 
and subsequendy passed into the right 
veotride and manipulated across the ventri- 
cular^ septal defect mto die left vcntride. Its 
position can be documented by obtaining an 
oxygen sample or passing an NIH cadieter 
diroi^h the outer catheta into die left 
ventride and doing a hand injection. 

The proper size umbrella 8' similar in 
structure to the left atrial umbrdla 8 des- 
cribed above is loaded into die outer cadieter 
and passed into the left vcntride and opened 
by imng the umer catheter in the same manner 
as is carried out in dosing the atrial septal 
defect as described above. The opened 
innbrella 8' is pulled snugly against the left 
side of the interventricular septum adjacent 
to the ventricular septal defect. 

The outer and inner catheten are then re> 
moved from the body, leaving the obturator 
wire 3, and Silastic (A R^stned Trade 
Mark) tubing 3' is passed over the obtuxator 
wire 3 and subsequendy into the heart to 
entirdy cover the exposed obturatra- wire 3. 

By maintuning general pressure on the 
obturator wire 3, die umbrdla 8' is hdd 
tig^dy against die left side of die inter- 
ventricular septum and thus doses the inter- 
ventricular septal defect The umbrdla 8' is 
maintained io place by the barbs on the tips 
of die struts (like diose described above) and 
by die obturator wire 3, Additionally the, 
internal blood prwsiffe systen^ which is 
greater in the left vimtridb tiiait the right 
(typically 90 min. Hg vs. 30 min. serves 
to hdp maintain tl^ umbrella 8' over the 
VSD, dosing it off. 

The tubing 3' and the wire 3 are cut off 
at die appropriate lengths to allow anchoring 
them-in-the-tissues-of-the right-neck within 



should be covered by endocardhmi witfam m ^ jugular vein. The indsion is dosed, and 
to dght weeks* and be dier*y integrated into — — — — =^ ^="- ^^^^^ «' 

thehearfs structure: 
50 After completion of the operatioi^ the vein 
and inguinal mdsion are domL 

For purposes of further illustratian and dis- 
dosure;, >tiie mediod .of application of dosme 
apparatus will now be described in some 
55 detail with respea to the dosing of a ventri- 
cular septal defect (VSD) widi particular re- 
ference to Figures 13A— C 

In order to gain access to the hearty an 
incision is made in the right neck over the 
60 external or internal ji^ar vein under local 
anaesthesia. The jugular vein is isolated and 
venotomy is made for insertion of the outer 
catheter 1. Standard catherizatiQa rrrhr^fj^jM. 
are then utilized to confirm the presence of 
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over the subsequent IS minutes by fluoro- 
scopy. 

The patient is anticoagulated prior to the 115 
installatioa of the ventricular dosing un^rdla 
ox^ is maintained on anticoogulatioa therapy 
for several weeks. After about six to eight 
weeks and the umbrdla 8' has been cndo- 
thelializcd, an indsion is again made over the 120 
proadmal end of the tubing 3' flryl wire 3 
(quite dose to the original incision in the 
neck). The wire 3 and tubing 3' is isolated, 
and with the use of the handle 5 on die 
OToxinial end of the obturates wire 3, the 125 
ktter is unscrewed and removed from within 
the heart and vascular system. The tubing 3' 
is of course removed siinultaneously vrith the 
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wire 3> and the incision dosed leaving die 
VSD pennanendy closed. 

Thus, the ventricular septal defect is dosed 
with the use of only a sin^c umbrella 8' 
5 with temporary andioring by the wire 3 
covered with the tubing 3' to prevent dotting 
and embolization. 

To dose a patent ductus arteriosus (PDA), 
for example like that shown in Figure 14B} 
10 the same analogous method discussed with 
respect to the ASD of Figure IB and the 
steps of Figures 9A — R can be used. How- 
ever, because of the loi^ dismncc between 
the Bordc and pulmonary outer walls of the 
15 PDA, modified aortic and puhnonary umbrdla 
elements 108, 109 are used in place of the 
left and right atrial umbrella elements 8, 9. 
The main modification is to extend further 
out the mole member of the aordc mnbrella 
20 108 or alternatively the female member 194 
(as illustrated in Figure 14C). Otherwise tha 
stnicnoe of the tunbrdlas 108, 109 can be 
idendcal to that disdosed in detail above with 
respea to the umbrellas 8, 9. 
25 It is noted that it is advantageous to use 
the dosure structures of the present immtion 
even when openrheart suzgeiy is necessary, 
as for example in the case df small babieSL 
In such cases, the dosure structures of the 
30 present mvention can be applied through the 
open heart in a matter of a few mimites as 
opposed to the typical diir^ to forty mimites 
usually taken vn& standard suturing of the 
shunt as practised in the prior art 
35 The dosure dements and the catheter 
operative elements and their method of 
application desoibed in detail with respect 
to Figures IC — 11 were initially dcvdoped 
and e]q)eiimentally tested with dc^ with 
40 success. Further devdopment' woik has pro- 
duced the embodiment of the present inva>- 
tion shown m Figures 16A— 20 which is 
expected to be apiSied to human patients in 
the very near future and which will now be 
45 described in detail. 

-As shown in_KgiHes l6A & B and 17A 



& B, for an ASD there is provided two 
usnbiellfi-like dosur? dements^ a left atrial 
one 308 and a ri^t atrial one 309, each hav- 

50 ing for example six material supportir^ struts 
381, 391, rtspectivdy. 

The struts 381, 391 are made of a radio- 
opaque material (not necessarily metallic), for 
example stainless steel, and as illustxated are 

55 each mitially flat in radial plane and then air 
twisted ninety degrees so that th^are then 
fiat in the plaim of the septum. The struts 
381, 391 are hing^y attached to a centzal 
hub 384 and a sliding sleeve 394, lespectivdy, 

60 dso made of for example stainless steeL The 
surfaces of the hub 384 and the sleeve 394 are 
grooved to hold the stmts 381, 391. 

As noted above^ thin Dacnm (Registerod 
Trade Mark), Teflon (R^scened Trade 

65 Mark), nylon, Silastic (Registered Trade 



Mark), pericardium or sill^ for ocample^ can 
be used for the umbrella sheet matenal 382, 
392 whidi is sutured to the struts 381, 391, 
respecdvdy. 

The sliding sleeve 394 and the distal hub 70 
384 arc designnd to lock securdy together 
in opposed, facing relationship by means 
an interoal, oentral, male-female medimism, 
as described above with respect to the pre- 
viously described dosure dements (note for 75 
example Figure 11). 

like the embodiment of Figure 12, die 
struts 381, 391 are designed to be self- 
opening by the use of a resilient structure. 
In the embodiment of Figures 16 and 17, 80 
this liferent resiliency is provided by die 
addition of a dun, resilient, springy ring 387« 
397, of for example Silastic (Registered 
Trade Mark) matenal attached to the struts 
which causes them to automatically ^ring 85 
out wbea they are m longer constrained or 
under restraint Suitable dimensions tax the 
ring 387, 397 for an umbcdla-4ike dosure 
dement of two cm. diameter is a rii^ having 
an outer diameter of 8 mm. and a thickness 90 
of 0.5 mm. The resilient members 387, 397 
can take on various focms besides a ring, 
sudi as for ggflmplf? a disc or individual arms 
(not illustniGed). 

As before with respect to the closure 95 
apparatus of Figure 5, the operative elanents 
of the dosure catheter system for the 
umbrellft^like dosure dements of Figures 16 
and 17 comprise several parts: (note Figures 
18—20) an outer catheter 301, an inner, 100 
locking or right atrial catheter 301, and an 
obturator wune 303. However, in this embodi- 
ment the outer catheter 301 indudes at its 
distal end a housmg capsule 310 which is 
used to house bbdi dosim dements 308, 105 
309 as the catiseter is inserted into the body 
in juxtaposition to the septal defect to be 
closed. Additionally the distnl end of the 
inner, loddng catiieter indudes a terminal 
threaded portion 321 On place of die distal ]]0 
^ub ^1 ofjnnttr catheter 2) which mates widi 
a similarly threaded femiale~orifice"b tfie"slid- 
ing sleeve 394, which allows p^tive^ detadi- 
ably fiixed movement of the right umbreUar 
Uke dement ^ on the end of the iVp**r 115 
catheter 302. At the poodmal end of the 
inner catheter 302, mere is provided a 
" manipuIating-stDp " hiib 302' which 
vents the proximal end of the inner catheter 
from going into the outer catheter 301 and 120 
allows the imier catheter 302 to be easily 
manipulated for the twisting, pushing or pnli- 
iag thereof. 

As before;, the left umbrdla-like dement 
308 is detadiably fixed by threaded engage- 125 
meat to die threaded portion 331 on the distal 
end of the obturator wire 303. As illustiated 
in Figure 19, the terminal distal section of 
the obtuntor wire 301 can indude a built- 
up porticHi 301' for strengtiiening purposes. 130 
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The method of application of the cmbodi* 
ment of Figuxes 16--^ is similar to chat dis- 
closed with respect to Figures 9A— ^ cxc^ 
that the closed tmibidla-like dosure e<fnignty 
S 308, 309 fastened to the distal ends the 
obturator wire 303 and the inner cadieter 
302, respectivdy, are bodi initiallf placed 
in line in the distal capsule 310. The loaded 
capsule 310 then is inserted tfaiou^ the body 

10 in juxtaposition to the septal defect in the 
posidoQ analogous to that shown in Figure 
9A. The left dosure dement 308 is pushed 
out of the capsule 310 until it is dear thereof, 
at whidi pomt tiie struts 381 automatically 

15 open under die spring action of die itsOient 
nng 387. The outer catheter 301 is then 
pulled back into the. right atria, and the open 
dosure dement 308 gendy pdled snu^giy 
against the left atrium septum (analogous to 

20 the action illustrated in Figure 9B). 

Once the left dosure element 308 is firmly 
m podtioi^ the right dosure dement 309 by 
means of die mner cadieter 302 is movai out 
of die distal capsule 310 until it is dear 

25 thereof, at whidi pomt the struts 391 auto- 
matically open under the spring acti<Hi of die 
resilient ring 3S^. The inner cadieter 3QZ 
widi the open right dosure j^™*^ 309 on 
the end thereof is pushed ftsther forward, 

30 riding over the obturator wire 303 and forc- 
ing me diding sleeve 394 of the right dosure 
dement 309 to elide onto the left dosure de- 
ment hub 384, loddng the two togedier 
Canalogous to the action illustrated in ^gure 

35 9H). 

Onoe the umbrdla-h'ke demems 308, 309 
are locked in place, the obturator wire 301 
and the inner cadieter 302 can be unscrewed 
from them and, with the outer catheter 301, 

40 completdy withdrawn from tfae.i>ody. To 
uisure that the dosure demems 308, 309 are 
securdy locked, the inner cadieter 3CK is 
unscrewed first and the two umkeUa-like 
structures 308, 309 moved to^-£ro by 

45 means of the obturator wire 303 and tt^ 
action viewed by fluoroscopy. 

Other than the diflfacnces in structure and 
method outlined above^ the embodiments are 
at least genoaiiy ms same aiid re f ere n ce is 

50 had to the more detailed descriptioo of the 
dosure apparatus of Figures IC— 11 for 
further detailed understanding of the embodi- 
ment of Figures 16 — 20. 
Thus atrial septal defects (Figure 1) and 

55 in similar fashion ventricular sqpCal defects 
(Figure 13) and great vessd shimts (Figure 
14) are dosed by nosKDvasive trdmiqtint. 

From past experience with cardiac surgery, 
stainless sted, particulariy of the 300 seriest, 

60 which is the preferred materials for all stru> 
rural parts remaining in the hear^ and 
nmtcrials such as Dacrxur (R^stered T^ade 
Mark), Teflon (Registend Trade MsA), 
nylozi, pericardium, Silastic (Registered Trade 

65 Mark) and silk can be permanendy insoted 



within the heart and tolerated without adverse 
eff ec ts. It is estimated that the heart will 
endodidialize the dosure' dements within six 
to d^t weeks as occurs after standard shunt 
dosures usu^ open-heart surgery. 70 

Because many varying and different 
embodiments may be made within the scope 
of the appendent daims, and because many 
modifications may be niade in the embodi- 
ments herein detafled in aocordanoe with the 75 
descriptive requirements of the law, it is to be 
understood that the embodiments herein are 
to be interpreted as illustrative and not in a 
luniting sense. 



WHAT WE CLAIM IS:— gO 
1. A septal defect dosure a{^>Bratu5 for 
closing off a defect in the septum of, for 
example^ the intravascular system, the 
apparatus induding expansion means com- 
prising at least one umbrdla-like expansion 85 
structure having a main body ggpansi'Mf 
between a dosed posidon in which the body 
is, in usc^ capable of passing through die 
defea and an e^>anded position in wmch the 
body is substantially planar so as;, in use^ to 90 
be capable of extending at least goierally 
parallel to the sqitum for contacting the 
septum surface around the defect to thereby 
dose the defect central structure means 
centrally located within said main body and 95 
extending m a direction at least generally 
perpendicular to the body when the body in 
the expanded position said expansion struc- 
ture having an umbrdla-like ftame structure 
for e xp a ndi ng the body between its dosed |00 
and opanded position, the umbrdla-like 
structure having a series of rdativdy hard 
strut-like members radially enmating from 

. said central structure-tneans^ 'saM strut-like 
members being reriUendy Inased to an open 105 
position so that said main body is resilientiy 
biased towards its expanded position, the 
apparatus also induding operative means r^ 
movably owinectablc to said central structure 
means for applying, in use, pressure along the 1 IQ 
extended^dntction -of "thc^central- structure - — 
means for forcing the distal, end portions of 
the main body of said e]q>ansiaa structure 

against the septum to dose the defect 

2. Apparatus as daimed in Qaim 1 wherein 1 15 
said operative means indudes an obturator 
wire having attaching means at its distal end 

for temporary connection to said umbrella- 
like structure^ said xxmbrdla-like structure 
having a central hub having a co nn e cti on 120 
means for temporary connection to said 
obturator wire. 

3. Apparatus as daimed in Claim 1 or 2, 
wherein said expansbn means comprises a 
dual set of said umbrella-like expansion stnio- 125 
tures for placement on cfpposstt sides of the 
defect, and wherdn said operative means 
indudes an d>turator wire having attaching 
means at its distal end for temporary connec- 
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ticm to a first one of the umfardla-Iike struc- 
tures, said first one of the umbrella-like struc- 
tures having on its central structure en 
obturator connector hub means for temporary 
S connection to said obturator wire; said 
second umbrella-like structure having a 
central deeve which can slide over 
said obturator wire, said central hub 
and said central sleeve having lock- 
1 0 ing means f or, in us^ locking them 
together through die defect in oppodng 
fa^on when on opposite sides of the defect 

4. Apparatus as claimed in Claim 3, 
idieitin said loddng means comprises a mal&- 

IS female connection between said central hub 
and said central sleeve, the exterior of said 
coonection means of said central hub forming 
the male member and the interior of said 
sleeve forming at least m part the female 

20 orifice. 

5. Apparatus as daimed in Claim 4> 
wherein said male member indudes a prelec- 
tion on its mating surface and said female 
orifice indudes an indentation for further 

25 mating with said projection and locking the 
hid) and deeve together. 

6. Apparatus as daimed in any (me of the 
daims wherein said strut-like 



members are made of resilient material to 
provide the resilient biasing. 30 

7. Apparatus as rlnimed in any one of 
Qaims^ 1 to 6 wherein the or each of said 
eaqiansion structures has on its distal portiohs 
anchoring means for anchoring said expansion 
structure to the septum when said exjonsion 35 
structuzti is farced against the septum. 

8. Apparatus as daimed in f^Blm 7 
wherein said anduoing means oomiffises pro- 
jections extending at least partially m a 
direction paralld to said extended oeotral 40 
structure means and hmcf, in the installed 
condition of the araatatus^ paralld to the 
central axis of the defiect and pexpendicular 

to the septjm surface^ said projections being 
barb4ike structures. 45 

9. A 8q)tal ^nmt defect dosure apparatus 
substantially as described herttn widi re- 
ference to and as illustrated in Figure 12 or 
Figures 16A to 20 of the accampai^nng draw- 
ings. 50 

JEKSEN & SON, 
Agents for the Applicants, 
8, FulwDod Places 
Higji Hoibom, 
London WCIV 6HG, 
Chartered Patent Agents. 
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